With spontaneous elongation of the CAG repeat in the R6/2 transgene to ≥335, resulting in a transgene protein too large for passive entry into nuclei via the nuclear pore, we observed an abrupt increase in lifespan to N 20 weeks, compared to the 12 weeks common in R6/2 mice with 150 repeats. In the ≥335 CAG mice, large ubiquitinated aggregates of mutant protein were common in neuronal dendrites and perikaryal cytoplasm, but intranuclear aggregates were small and infrequent. Message and protein for the ≥335 CAG transgene were reduced to one-third that in 150 CAG R6/2 mice. Neurological and neurochemical abnormalities were delayed in onset and less severe than in 150 CAG R6/2 mice. These findings suggest that polyQ length and pathogenicity in Huntington's disease may not be linearly related, and pathogenicity may be less severe with extreme repeats. Both diminished mutant protein and reduced nuclear entry may contribute to phenotype attenuation.
Introduction
The relationship of CAG repeat length to pathogenicity has received attention since the identification of the HD mutation. Data on HD victims show that age of onset is earlier (Huntington's Disease Collaborative Research Group, 1993; Stine et al., 1993) and disease course more rapid and pernicious in individuals with longer repeats (Furtado et al., 1996; Penney et al., 1997; Rosenblatt et al., 2006) . In vitro studies reinforce this conclusion, by showing increasing toxicity of the mutant protein with increasing polyQ length (Hackam et al., 1998a,b; Martindale et al., 1998; Aronin et al., 1999) , and similar results have been obtained with transgenic animal models of HD (Mangiarini et al., 1996; Hodgson et al., 1999; Schilling et al., 1999; Shelbourne et al., 1999; Wheeler et al., 2000; Laforet et al., 2001; Lin et al., 2001) . Although polyQ lengths beyond 150 have rarely been examined in experimental models of HD (Hockly et al., 2005; and Stack et al., 2005) , the view that there is a linear relationship between polyQ length and pathogenicity has been favored by the findings that repeat lengths beyond 150 are pathogenic in other trinucleotide repeat disorders and that the avidity of mutant protein aggregation increases with repeat length (Li and Li, 1998; Martindale et al., 1998; Narain et al., 1999; Zoghbi and Orr, 2000; Chen et al., 2002; Barton et al., 2007) .
The possible role of mutant huntingtin aggregation in HD came to light with the first of the HD transgenic mice, the R6/1 and R6/2 (Mangiarini et al., 1996; Davies et al., 1997) . Both were created with a 1.9 kb genomic fragment containing promoter sequences and exon 1 of a mutant human HD gene, and both displayed a progressive neurological phenotype. The transgene in the original R6/2 mice possessed 144 CAG repeats, and these R6/2 mice showed the more severe phenotype of the two and were reported to typically die at 12-15 weeks. Prominent ubiquitinated mutant huntingtin-containing neuronal intranuclear inclusions (NII) were seen to form in nearly all neurons by 8-10 weeks in R6/2 mice, and more slowly in R6/1 mice (Davies et al., 1997; Meade et al., 2002) . The observations that NII formation in these mice correlates with development of neurological and neurochemical abnormalities (Mangiarini et al., 1996; Davies et al., 1997; Cha et al., 1998; Carter et al., 1999; Lione et al., 1999; Morton et al., 2000; Meade et al., 2002; Weiss et al., 2008) , and that NIIs form in HD victims as well (DiFiglia et al., 1997; Gutekunst et al., 1999; Maat-Schieman et al., 1999; Sieradzan et al., 1999) , raised the possibility that NIIs might be a key means by which the mutant protein causes neuronal injury in HD. Several in vitro and in vivo studies, however, have raised doubts about the direct contributions of NIIs to neuronal injury (Kim and Tanzi, 1998; Saudou et al., 1998; Sisodia, 1998; Kuemmerle et al., 1999; Mastroberadino et al., 2002; Arrasate et al., 2004) . The contributions of extranuclear versus nuclear sites of action of mutant protein to HD pathogenesis also remain unclear (Yang et al., 2002; Schilling et al., 2004; Slow et al., 2005) . 
